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PREPARATION OF MONOLITHIC CARBON
FIBER COMPOSITE MATERIAL

dency to delaminate. This is accomplished by utiliZing a
slurry With a relatively high concentration of carbon ?bers in
Water to produce the composite.
For some applications a degree of anisotrophy in some

This patent application claims the bene?t of priority as
hereby claimed on US. Provisional Patent Application Ser.

physical properties is desirable and the concentration of
?bers in Water is the prime variable that enables the optional
composite properties to be achieved.
Additional objects, advantages and other novel features of
the invention Will be set forth in part in the description that

No. 60/027,193, ?led Sep. 30, 1996, entitled “Preparation of
Monolithic Carbon Fiber Composite Material”.
TECHNICAL FIELD
This invention relates to the ?eld of carbon ?ber com
posite materials and more particularly to a process for

10

With the practice of the invention. The objects and advan
tages of the invention may be realiZed and obtained by

preparing a carbon ?ber composite material.
BACKGROUND OF THE INVENTION

folloWs and in part Will become apparent to those skilled in
the art upon examination of the folloWing or may be learned

means of the instrumentalities and combinations particularly
15

pointed out in the appended claims.
To achieve the foregoing and other objects, and in accor

Carbon ?bers are produced commercially from rayon,

phenolics, polyacrylonitrile (PAN), or pitch. The latter type

dance With the purposes of the present invention as

are further divided into ?ber produced from isotropic pitch
precursors, and those derived from pitch that has been
pre-treated to introduce a high concentration of carbon

described herein, an improved process is provided for pre
paring an activated carbon ?ber composite material. The
process includes the step of mixing betWeen one part by
Weight carbon ?bers having a diameter betWeen substan
tially 5—100 pm and a length betWeen substantially 0.1—5 .0
mm With betWeen 0.05—1.0 parts by Weight binder and
5—200 parts by Weight Water in order to produce a slurry.
Next is the placing of this slurry in a molding vessel. This
is folloWed by the ?ltering of the slurry to produce a green

aceous mesophase. High performance ?bers, ie those With
high strength or stiffness, are generally produced from PAN
or mesophase pitches. LoWer performance, general purpose
?bers are produced from isotropic pitch precursors. These
materials are produced as short, bloWn ?bers (rather that
continuous ?laments) from precursors such as ethylene

25

or monolithic body. FolloWing the deWatering and drying of

cracker tar, coal-tar pitch, and petroleum pitch prepared
from decant oils produced by ?uidiZed catalytic cracking.
Applications of isotropic ?bers include: friction materials;
reinforcements for engineering plastics; electrically conduc
tive ?llers for polymers; ?lter media; paper and panels;

the green monolith is curing to produce a cured monolith.
This is folloWed by the carboniZing of the cured monolith to
produce a carbon ?ber composite de?ning an open, perme
able structure and activating of the carbon ?ber composite so

hybrid yards; and as a reinforcement for concrete.

that the carbon ?bers are made porous.

More recently, interest has developed in activated forms

Advantageously, this slurry includes a relatively high

of isotropic carbon ?bers, Where high surface areas can be

concentration of carbon ?bers in Water. This functions to

produced by partial gasi?cation in steam or other oxidiZing

35

signi?cantly reduce the ordered layering of the ?bers in the

gases. Activated carbon ?bers have novel properties that

mold and alloWs the production of a more random or

make them more attractive than conventional forms

isotropic composite material. Such a material is character
iZed by enhanced physical properties and is better able to

(poWders or large-siZe carbons) for certain applications.

Withstand stress during heat treatment. Such a material also
has a reduced tendency to delaminate. These are particularly

While porosity can be generated in most types of carbon

?ber, loW modulus ?bers produced from isotropic pitch are
particularly suited for activation because of their unique
structure, Where the random packing of small crystallites

important properties When the composite is utiliZed as an

adsorbent and, for example, subjected to pressure ?uctua
tions such as commonly occur in pressure sWing adsorption

alloWs the development of an extensive pore structure.

processing.

Among the possible applications, activated carbon ?bers

In accordance With still another aspect of the present
invention, the carbon ?bers utiliZed in the mixing step are
preactivated. When preactivated carbon ?bers are utiliZed in
the process, the carboniZing and activating steps are no

are of interest for the adsorption and recovery of organic
vapors; in environmental protection; the removal of SOx and
NOx from ?ue gas; the improvement of air quality; and Water
treatment. Dif?culties in handling and utiliZing activated
carbon ?bers can be surmounted by their incorporation into

longer necessary. This signi?cantly reduces processing costs
and means that the monolith need only be heat treated to a

composites, such as Woven and non-Woven fabrics, felt and
paper.

?nal temperature exceeding the intended operational tem

perature by an appropriate safety margin.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a process
for preparing a carbon ?ber composite material in Which the

55

embodiment of this invention, simply by Way of illustration

degree of anisotropy of the ?nished composite material may
be controlled. Advantageously, the process provides for
using a more concentrated slurry, preferably containing in

of one of the modes best suited to carry out the invention. As

it Will be realiZed, the invention is capable of other different
embodiments and its several details are capable of modi?

the order of 10 Weight percent of carbon ?bers to produce a

cation in various, obvious aspects all Without departing from
the invention. Accordingly, the descriptions Will be regarded

near isotropic composite material having superior physical
characteristics When compared to highly anisotropic

as illustrative in nature and not as restrictive.

composites, made using prior technology When the slurry
has only of the order of 1 Weight percent ?bers.
An object of the present invention is to provide a method
for producing a composite material With an ability to better
Withstand stress during heat treatment and a reduced ten

Still other objects of the present invention Will become
apparent to those skilled in this art from the folloWing
description Wherein there is shoWn and described a preferred

65

DETAILED DESCRIPTION OF THE
INVENTION

A novel method is hereby provided for making a carbon
?ber composite material having a rigid, open, monolithic
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structure With high permeability. Further, the processing

In the present method, one part by Weight of carbon ?bers
having a diameter betWeen 5—100 pm and a length betWeen
0.1—5.0 mm, 0.05—1.0 and more preferably 0.2—0.5 part by

method allows the control of the composite’s overall poros

ity.

Weight poWdered binder (eg. one part phenolic resin, tWo

The carbon ?ber composite of the present invention is
comprised generally of carbon ?bers and a binder. The
composite is strong and porous alloWing ?uids to easily ?oW
through the material. At the same time, When activated, the
carbon ?bers provide a porous structure for adsorption.

part phenolic resin, pitch, thermosetting resins, coal extracts,
coals that soften) and 5—200 part by Weight Water are miXed

Synthesis of the carbon ?ber composite is generally
comprised of miXing a selected carbon ?ber and carboniZ

10

able organic poWder (e.g. binder) With Water to form a slurry.
The desired monolithic body con?guration is molded from
this slurry. The resulting green form is dried and removed
from the mold. The composite is cured prior to carboniZation
under an inert gas. The composite material is then activated
to develop the pore structure of the ?bers. The composite

in order to create a slurry. Such a slurry has betWeen 5—200
cc of Water per gram of carbon ?bers. For eXample, for
carbon ?bers 700 pm in length and 17 pm in diameter
betWeen 8—10 1 of Water per kilogram of ?bers may be used.
For shorter or fatter ?bers, less Water is needed.

Advantageously, the relatively loW concentration of Water
reduces the forming time of the green monolith thereby

speeding production. Further, it reduces the tendency of the
15

carbon ?bers to layer thereby producing a more random or

isotropic composite material With enhanced physical char
acteristics. These include but are not limited to the ability to
better Withstand stress during heat treatment and activation
and also a reduced tendency to delaminate.

may then be readily machined to the desired ?nal con?gu
ration.
If preactivated carbon ?bers are used, neither the carbon

The miXing is completed in a miXing tank. In the miXing

iZation nor activation steps are necessary. Accordingly, for

tank, the binder and the ?bers are added into a vorteX formed

most applications the ?nal heat treatment temperature only
has to eXceed the intended operational temperature by an

by an agitator. Preferably the binder is ?rst miXed With a

appropriate safety margin. Advantageously, since the com
posite is not subjected to relatively high carboniZing and

homogeneity. The total amount of Water used determines the

activation temperatures, the resulting monolith better main
tains its siZe and shape Which substantially correspond to the

minimum amount of Water to a thick paste that ensures good
25

slurry.

mold after curing. In fact, some of the cured resin may
actually bind the monolith to the mold. Accordingly, in

certain instances and for particular applications, it may be
desirable to use a disposable mold Which actually forms a

anisotropy of the ?nal composite. For minimal anisotropy
the amount of Water used should only be just above the
minimum practical to produce a pourable or pumpable

30

support frame Which alloWs carefree handling of the cured

The slurry is transferred to a molding vessel soon after it
is made. The molding vessel can be of virtually any cross
section (e.g. circular to make rods or blocks, annular to make
tubes). The mold has a screen of stainless steel or other rigid

monolith product, protecting the edges/sides from direct

material clamped at its bottom. The slurry is ?ltered through

mechanical contact With objects and possible chipping or

this screen by applying an overpressure of air or a vacuum
35 to its underside or in most cases an adequate rate of ?ltration

?aking damage.
The ?ber or ?bers selected Will depend upon the ultimate
use of the resultant composite. The process described herein
Will focus on the production of a carbon ?ber composite for

is achieved merely by relying upon the hydraulic head of the

use as a molecular sieve. For use as an adsorbent or

embodiment, this is partially done by passing air through the

molecular sieve, it is preferable to use carbon ?bers derived
from a suitable isotropic pitch precursor.
The manufacture of pitch based ?bers is Well knoWn in the
art and is brie?y described herein. Pitch is conventionally
derived from a heavy petroleum fraction. Fiber forming

methods include melt spinning and melt bloWing. During

slurry.
The resulting green form is deWatered. In the preferred
40

unclamping the ?lter screen and applying a small pressure

(eg. 5 psi) either mechanically or pneumatically. This is
45

both of these processes, the pitch is heated to give a carefully
controlled viscosity then forced through a number of ?ne
ori?ces to produce ?bers as the pitch resolidi?es. In the

phenolic resins; 500° C. in nitrogen for coal). It should be
50

55

60

In the preferred embodiment, the isotropic pitch precursor
is formed such that the resultant ?bers have a diameter of
approximately 5—100 pm. The ?bers can be in a stabiliZed or
carboniZed condition. The ?bers are chopped or milled to a

?bers are of an average length of approximately 0.7 mm but

the length may range from substantially 0.1—5 mm.

above 300° C. must not be used in air if burning of the ?bers
is to be avoided. Typically small specimens may be heated
to 200° C. at 5° C./min. The composite is then baked and
activated by heating it typically to 850° C. for one hour in
an atmosphere of 50% steam and 50% nitrogen or at 950° C.
in carbon dioXide. Other knoWn means of activation may
also be utiliZed.

atmosphere, so that they are rendered thermosetting and Will
retain their ?brous form at the high temperatures used in the

selected siZe. For the preferred embodiment, the processed

appreciated that the rate of heat transfer to the composite

controls the time for drying and curing but temperatures

“stabilized”, by heating the ?bers in an oXidiZing
subsequent carboniZation step. After carboniZation, the ?ber
mats contain about 95% carbon by Weight.

often best done horiZontally to avoid distortion of the
relatively Weak green composite. The green form is then
dried and cured to produce a cured monolith. The drying and
curing is completed in an oven to a temperature dependent
upon the binder in use (eg. to at least 150° C. in air for

spinning process the ?ber diameter is controlled by draWing
the ?bers doWn and Winding them onto a reel as they form.
The bloWing process employs a stream of air Which draWs
the ?bers doWn as it bloWs them onto a moving belt to form
a random mat of “green” pitch ?bers. In both methods,
eXtreme care must be taken to control the temperature and
other conditions. Once formed, the green ?bers are

form. Once deWatered to perhaps 50% by Weight, the form
is removed from the mold. This is accomplished by

65

Activation conditions can be varied by changing the
activation gas, its concentration, the How rate, the tempera
ture and the optional presence of a catalyst to in?uence total
surface area and pore siZe distribution. Further, the use of
post activation treatments can be implemented. For eXample,
further heating or the introduction of chemicals could affect
the pore siZe distribution and surface chemistry.
Once carboniZed or activated, the composite can be
machined to any desired shape, forming a monolithic carbon

5,972,253
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?ber composite. Of course, as noted above, if preactivated
carbon ?bers are used the carboniZing and activating steps

By selecting a different carbon ?ber and altering selected
parameters in the production process, the carbon ?ber com

are not necessary.

posite can be modi?ed for use in a variety of applications.
For eXample, the carbon ?ber composite can be utiliZed in

Further, as also noted above, a disposable mold or mold
liner may be used in Which case either (1) after ?ltration

gas puri?cation, especially in con?ned spaces Where the

bloWing is continued With hot air to ensure rapid drying and

higher rates of adsorption on activated carbon ?ber com

curing, or (2) the discharged composite (in its sheath) is
dried and cured in a separate oven. In this instance the

posites offers potential space savings. Further, a mesoporous
carbon ?ber composite is suitable for use in liquid phase

composite remains adhered to its sheath. This is particularly

applications or as a catalyst support.

advantageous in certain applications Where subsequent seal

The foregoing description of a preferred embodiment of
the invention has been presented for purposes of illustration

ing of a composite into a container may present problems.
This method is particularly Well suited When pre-activated

and description. It is not intended to be exhaustive or to limit

carbon ?bers are used since they are subjected to loWer
temperatures and better maintain their molded siZe and

shape.

15

The composite formed by the above processes includes
voids betWeen the ?bers Which alloW free How of ?uid
through the material and ready access to the carbon ?ber
surface. Further, the individual carbon ?bers are held in
place by the pyrolyZed resin binder and thus cannot move or
settle due to the How of gases through the material.
The resultant activated carbon ?ber composite is ideal for

embodiments and With various modi?cations as are suited to

the particular use contemplated. All such modi?cations and
variations are Within the scope of the invention as deter

mined by the appended claims When interpreted in accor
dance With the breadth to Which they are fairly, legally and

use as an adsorbent or molecular sieve in a pressure sWing

adsorption (PSA) process. Speci?cally, PSA is a knoWn
process for separation of gases from multicomponent gas

the invention to the precise form disclosed. Obvious modi
?cations or variations are possible in light of the above
teachings. The embodiment Was chosen and described to
provide the best illustration of the principles of the invention
and its practical application to thereby enable one of ordi
nary skill in the art to utiliZe the invention in various

equitably entitled.
25

I claim:
1. A process for preparing an activated carbon ?ber

miXtures. The PSA apparatus relies on the physical process
of adsorption, in Which gases are selectively adsorbed onto
a substrate from a gas stream, thus depleting the stream of

composite material comprising the steps of:
miXing betWeen about 5—about 12 Weight percent of

one gaseous species. The adsorbed gas is then desorbed at a
loWer pressure into a second gas stream thus enriching it

carbon ?bers having a diameter betWeen about 5—about
100 pm and a length betWeen about 0.1—about 5.0 mm

With the desorbed species. The desorption step regenerates

With betWeen about 1.25—about 3.0 Weight percent

the adsorbent material for reuse during the subsequent

binder and Water in order to produce a slurry;

adsorption step. It is Widely acknowledged that PSA tech
nology has fully matured and that further advances in this

technology Will require the development of superior adsor

35

bent and molecular sieve materials Which have signi?cantly
higher surface areas combined With mean micropore Width

body;
deWatering and drying said green monolithic body;
curing said green monolithic body thereby producing a
cured monolithic body;
carboniZing said cured monolithic body thereby produc

of 540A.
PSA systems typically comprise several adsorption beds,
through Which the gas stream is passed, alloWing for the near

ing a carbon ?ber composite de?ning an open perme
able structure resistant to delamination; and

complete separation of the selected gas species. The adsor
bent materials used in a PSA unit are selected to have the

appropriate mean micropore Width (typically in the range of
5—10A) to selectively adsorb or sieve the required gas
species and additionally must possess large surface areas.
Currently available adsorbent materials include Zeolites,
With surface areas in the range of 10—350 m2/g, and acti

placing said slurry in a molding vessel;
?ltering said slurry thereby producing a green monolithic

activating said carbon ?ber composite Whereby said car
45

bon ?bers are made porous.

2. A process for preparing an activated carbon ?ber

composite material comprising the steps of:
miXing betWeen 5—12 Weight percent of carbon ?bers
having a diameter betWeen 5—100 pm and a length
betWeen 0.1—5.0 mm With betWeen 1.25—3.0 Weight
percent binder and Water in order to produce a slurry;

vated carbons With surface areas in the range of 500—1000

m2/g. Conventional activated carbons and carbon molecular
sieves are granular in structure. During operation in a PSA
system, granular materials suffer attrition and can settle
resulting in the formation of channels Which alloW the ?uid
stream to bypass the adsorbent.

placing said slurry in a molding vessel;
?ltering said slurry thereby producing a green monolithic

body;

Although use of the carbon ?ber composite as an adsor 55
bent in the PSA process has been emphasiZed, there are
several alternative uses. Carbon ?bers derived form coal tar

pitch, rayon, polyacrylonitrile (PAN) or heavy oils such as
oil shale residue and re?nery residue can be utiliZed in the
production of the composite. Further, the ?bers can be vapor

deWatering and drying said green monolithic body;
curing said green monolithic body thereby producing a
cured monolithic body;
carboniZing said cured monolithic body thereby produc

groWn. The ?bers or a blend of different carbon ?bers can be

ing a carbon ?ber composite de?ning an open perme
able structure resistant to delamination; and

utiliZed to control the characteristics of the resultant carbon

activating said carbon ?ber composite Whereby said car

?ber composite. More speci?cally, the strength, thermal
conductivity, pore siZe distribution, density and electrical

3. A process for preparing a pre-activated carbon ?ber

properties are eXamples of the characteristics that can be
modi?ed or controlled With the appropriate carbon ?ber or
blend of carbon ?bers.

bon ?bers are made porous.
65

composite material comprising the steps of:
miXing betWeen about 5—about 12 Weight percent of
pre-activated carbon ?bers having a diameter betWeen

5,972,253
8

7

mixing betWeen 5—12 Weight percent of pre-activated

about 5—about 100 urn and a length between about
0.1—about 5.0 mm With betWeen about 1.25—about 3.0
Weight percent binder and Water in order to produce a

carbon ?bers having a diameter betWeen 5—100 urn and
a length betWeen 0.1—5.0 mm With betWeen 1.25—3.0
Weight percent binder and Water in order to produce a

slurry;

slurry;

placing said slurry in a molding vessel;
?ltering said slurry thereby producing a green rnonolithic

placing said slurry in a rnolding vessel;
?ltering said slurry thereby producing a green rnonolithic

body;
deWatering and drying said green rnonolithic body; and
curing said green rnonolithic body thereby producing a
cured, pre-activated carbon ?ber cornposite de?ning an
open perrneable structure resistant to delarnination.
4. The process set forth in claim 3, including retaining at
least a portion of said mold about said carbon ?ber corn
posite to serve as a mechanical support.

body;
10

deWatering and drying said green rnonolithic body; and
curing said green rnonolithic body thereby producing a
cured, pre-activated carbon ?ber cornposite de?ning an
open perrneable structure resistant to delarnination.
6. The process set forth in claim 5, including retaining at
least a portion of said mold about said carbon ?ber corn

15 posite to serve as a mechanical support.

5. A process for preparing a pre-activated carbon ?ber

composite material comprising the steps of:

*

*

*

*
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